A liquid chromatographic method with comfirmation by capillary electrophoresis was used to determine 12 sulfonylurea herbicides in agricultural water. Analysis of 3 different water matrixes fortified at 2 levels gave good recoveries with adequate sensitivity at the 0.1 ppb level. A portion of the water was acidified with acetic acid and loaded onto an RP-102 solid-phase extraction (SPE) cartridge, and the extract was cleaned up on an alumina SPE cartridge. Extracts were desalted with an RP-102 SPE cartridge before instrumentation. Samples needing chemical filtration, such as pond water, required additional cleanup with a SAX SPE cartridge before the alumina cleanup step. Data were compiled for both determinative techniques and evaluated.
S ulfonylurea herbicides are a relatively new class of compounds whose herbicidal activity was discovered in the mid-1970s (1) . Noted for their low use rate and environmental safety, they have gained widespread popularity in the agricultural industry; at least 16 sulfonylurea herbicides are currently on the market (1, 2) . Active research in this area continues because the desirability of these compounds will continue to make them marketable in the future (3) .
Developing analytical methods for sulfonylurea herbicides has been particularly problematic for pesticide chemists because of the wide range in polarity and the chemical instability of these compounds. Most sulfonylurea compounds lack the thermal stability and volatility required for gas chromatographic analysis. Derivatization is required and although successful for some analytes (4), it is not practical for the group as a whole.
Single-analyte methods based on reversed-phase and normal phase liquid chromatographic (LC) techniques with adequate sensitivity from ultraviolet absorbance detectors have been widely reported (5) . Although the UV detector is easy to use and sensitive, its nonselectivity for UV-absorbing substances causes significant problems with accurate identification and quantitation. Zahnow (5, 6) successfully applied the sensitivity and selectivity of the photoconductivity detector to the determination of chlorsulfuron and sulfometuron-methyl residues in soil at the 0.2 ppb level. The specialized conditions required and the difficulty of this technique never gained acceptance in pesticide regulatory laboratories.
Multianalyte separation by LC at trace levels was desired by many sulfonylurea analysts. Powley (7) achieved this goal by demonstrating the value of eluant switching to separate 16 compounds by reversed-phase LC with UV detection (LC/UV).
Capillary electrophoresis (CE), a promising analytical tool new to pesticide chemistry, provides improved resolution over LC with similar detectability at trace levels (8) . With its various modes of operation, CE has proven a useful, versatile alternative in pesticide analysis of environmental samples (9) . CE was used by Dinelli et al. (2) to determine metsulfuron-methyl and chlorsulfuron in tap water, by Barroso et al. (10) to determine 5 phenylurea compounds at the µg/L level in environmental and drinking water, and by Krynitsky (11) to separate and detect 12 sulfonylurea compounds at ultratrace levels in environmental water matrixes, including Knowles marsh water. Matchett et al. (12) studied the electrophoretic behavior of 7 sulfonlyureas, using capillary zone electrophoresis and micellar electrokenetic chromatography conditions, and demonstrated the ability to determine sulfonylureas in a variety of matrixes with several different sets of CE conditions. These techniques illustrate the capability of CE to determine a specific class of compounds among the widely different organic compounds that constitute the pesticide family.
Although mass spectometry in conjuction with LC has proven highly successful for determining sulfonylureas in a variety of sample matrixes (11, 13) , the expense and sophistication of this instrumentation prohibit routine use in many laboratories.
The method presented here provides 2 different separation techniques, LC and CE, for the determination of trace levels of multiple sulfonylurea compounds in a single analysis, and it can be readily adapted to most laboratory operations. Comparison of these 2 techniques is helpful to anyone interested in pursuing CE as a complement to LC.
METHOD

Apparatus
(a) ABI capillary electrophoresis system.-Applied Biosystems (ABI; Division of Perkin-Elmer Corp., Norwalk, CT) Model 270A-HT equipped with UV detector, or equivalent. Filter all buffers and solutions for CE through 0.22 µm nylon filter system before use. Before each injection flush column with 0.1N NaOH for 2 min, and then with buffer for 5 min. CE conditions: detector wavelength, 240 nm; oven temperature, 30°C; voltage, 30 kV with resulting current of 30 µA; injection, 5 in. Hg vacuum for 14 s (ca 160 nL); run time after flushings, 35 min; peak integration and data analysis, Waters Maxima 820 Chromatography Workstation (Waters Corp., Milford, MA) installed on NEC Powermate 286 personal computer. Separation of the analytes is shown in Figure 1 .
( Figure 3 . Prepare stock solutions in acetonitrile at 200 µg/mL for each of the 13 individual standards. Shake and/or sonicate until standard is dissolved. A combined standard, containing each compound at 10 µg/mL, is prepared by diluting aliquots of the individual stock solutions with acetonitrile. The combined standard is used for spiking and for preparing the CE working standards. The aqueous working standards are made fresh daily by diluting an aliquot of the 10 µg/mL standard to the appropriate volume with LC grade water.
Solid-Phase Extraction
Sample Extraction
Acidify 500 mL water with 5 mL glacial acetic acid. Filter samples that appear cloudy or opaque, or contain particulates through 0.45 µm nylon filter. Use SPE vacuum manifold to condition RP-102 SPE column with 3 column volumes of methanol, followed by 3 column volumes of 1% acetic acid (v/v). Load sample onto column at flow rate of 9 mL/min. Rinse with 1 column volume of LC grade water after sample has completely passed through SPE column, and dry for 30 min at full vacuum. Elute analytes with 10 mL methanol, and collect eluate in 100 mL pear-shaped flask placed inside vacuum manifold. Take extract to dryness at 30°C via rotoevaporator. Add 5 mL acetonitrile and take extract to dryness once again via rotoevaporator. Because moisture affects the retentive properties of alumina, the second evaporation step is critical and ensures that all water is removed from the extract before the alumina SPE cleanup. Reconstitute in 10 mL methanol.
Alumina SPE Cleanup
Use SPE vacuum manifold to condition alumina SPE cartridge with 3 column volumes of methanol. Use light vacuum to load methanol extract onto alumina cartridge at a rate of 1 drop/s. Rinse flask twice with 5 mL methanol, adding each 
RP-102 SPE Desalting Step
Condition RP-102 SPE cartridge and load sample as described in Sample Extraction section with the following exception. After sample is passed through cartridge, rinse cartridge with 2 column volumes of LC grade water, and let cartridge dry for only 3 min before eluting analytes with 10 mL methanol. Collect eluate in 100 mL pear-shaped flask placed inside vacuum manifold. Add 2 mL LC grade water to extract, and evaporate to < 1.0 mL via rotoevaporator at 30°C. Transfer extract to 5 mL centrifuge tube, and adjust volume to 2.0 mL with LC grade water. 
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SAX SPE Cleanup for Colored Water and Pond Water
Samples requiring "chemical filtration" cleanup such as pond water, colored water, etc., as well as samples requiring nicosulfuron determination need an additional cleanup using a SAX SPE cartridge. Follow the method as described in the Sample Extraction and Alumina SPE Cleanup sections until just before the conditioning of the alumina column and continue as described in this section. drain to just above top of SAX sorbent bed. Dry cartridges for 10 s at full vacuum. Remove SAX column and discard. Wash alumina cartridge with 3 mL 0.5% acetic acid in methylene chloride at flow rate of 2 drops/s. Drain to just above resin bed. Resume method under Alumina SPE Cleanup section at point where 17 mL 0.5% acetic acid in methylene chloride is added to elute analytes into 100 mL pear-shaped flask set inside vacuum manifold. Continue method to completion.
Results and Discussion
Extraction
The method presented here closely follows the CE method reported by Krynitsky (11) with the following exceptions: (1) To save time and money, the SAX SPE cartridge was not included because agricultural ground and surface waters in Montana are generally free of colored matrix. (2) The final volume was reduced from 4 to 2 mL to allow for the targeted MDL of 0.1 ppb. (3) Acetic acid (1%) was substituted for 0.05M acetic acid. (4) A 2.0 mL portion of water was added as a keeper in the final evaporation step. Preliminary work indicated 1.0 mL might not be enough to ensure that all traces of methanol were eliminated from the final extract.
Inconsistent recoveries encountered during preliminary work and familiarization indicated compounds might be adhering to glass surfaces. Changes were incorporated as follows: (1) Drying the sample extract is avoided whenever possible. For steps that require sample drying, the extract is reconstituted in a solvent and mixed with a Vortex mixer to better dissolve sulfonylurea compounds adhering to the surface of the glass before the addition of the aqueous phase. (2) Extra solvent rinsing, sonicating, or mixing is performed to ensure complete transfer of analytes from glassware into solution. Previous work with successful methodology for sulfonylurea extraction showed the value of including these steps. (3) Pear-shaped flasks are silanized on a regular basis to deactivate active sites. Brushes are not used for cleaning because of the potential of increasing active sites by accidentally scratching glassware.
Extra precautions were needed to remove as much moisture as possible from the inside of cartridges and the vacuum manifold before the alumina cartridge cleanup (9) . Moisture affects the retentive characteristics of alumina and can alter the elution profile.
The method with the adjustments described above demonstrated acceptable recoveries consistent for all analytes with the exception of nicosulfuron. 
Instrumentation
Two different instrument techniques, CE and LC, were evaluated for this project. The LC eluant switching technique was readily adapted to our Waters 2690 Separation Module. Separation and UV sensitivity were excellent, highly reproducible, and adequate for project goals.
Using CE proved to be a much bigger challenge. We attempted to set up the ABI CE system with the High Sensitivity Z-Cell as described by Krynitsky (11) . The ABI Z-cell repeatedly either fractured or broke inexplicably while lying undisturbed in the instrument. We believed inherent difficulties in the manufacture of these columns was the problem and outside our power to control. The decision was made to abandon the ABI CE system and continue the project with the HPCE system in hope of using the Hewlett-Packard version of the high sensitivity cell. Again we encountered problems and were not successful in obtaining a high sensitivity cell that worked reliably. Securing a proper seal between the column and cell interface was difficult, and the inability of the system to flush air bubbles from the cell resulted in loss of current and/or baseline. The remaining option was the HP bubble cell. Although the restricted sensitivity of the bubble cell, i.e., signal-to-noise ratio (S/N) of 5 for the 0.03 ppm standard, was a concern, it demonstrated reliability and ruggedness at low detection levels and appeared capable of providing quality data ( Figure 4 ).
Method Analytes
It was our intent to include as many analytes as possible in the study. Sulfonylurea compounds were injected individually to determine elution profiles on the LC and CE systems. Coeluting analytes were evaluated, and a decision was made to include the analyte of most interest to the study and eliminate the other. Although rimsulfuron and tribenuron-methyl were of particular interest, they were not included because of inconsistent results and concerns regarding their stability under method conditions. Table 1 lists the LC retention times and HPCE migration times for sulfonylurea compounds measured in our laboratory.
Method Validation
A study of method performance with different matrixes demonstrating method ruggedness was an integral part of the project and was designed according to guidelines of the Montana Department of Agriculture.
Three different water matrixes were included: reagent water (tap water distilled through the laboratory purification system); nonpurified, nonchlorinated well water from eastern Montana; and surface water from an irrigation ditch in southwestern Montana.
Irrigation and well water are representative of typical water matrixes analyzed by agriculture laboratories, and reagent water is a measure of method performance in the absence of matrix contribution. MDL were elevated, ranging from 11 to 17%, and demonstrated the large error associated with accurately measuring a low instrument response in the presence of noise. The difference in how well the LC/UV technique can measure analyte response at the MDL, compared with the HPCE bubble cell, was significant. No differences in analyte recovery were apparent between the 3 different matrixes. Table 5 shows similar averages and standard deviation values for individual analytes independent of sample matrix.
At the end of our study we obtained an ABI Z-cell from LC Packings that was successfully prepared for CE determination of sulfonyurea herbicides. Samples from a repeat analysis of MDL ground water were analyzed with this column and with the LC system and the HPCE bubble cell. The results appear in Table 6 . The sensitivity of CE with the ABI Z-cell was comparable to that of LC/UV, whereas the sensitivity of HPCE with the bubble cell was measurably less ( Figure 5 ). The lower SD values for replicates analyzed with the ABI Z-cell demonstrated the improved measurement capability of CE when the ABI Z-cell is used at low detection levels. Average values for each analyte showed less variance between results obtained by LC/UV and CE with the ABI Z-cell than between the results obtained by LC/UV and HPCE with the bubble cell ( Table 6) .
Matrix effects on the LC system were minimal and did not interfere with identification or quantitation ( Figure 7) . CE matrix effects were present early in the electropherogram in the form of a baseline hump with extra baseline noise for the first few analytes. This was visible with both the HPCE bubble cell and the ABI Z-cell as shown in Figures 1 and 6 . Although the effect was negligible for the 10× MDL spike, careful attention to detail was required when the MDL spike was measured because of baseline disturbances, which could influence results.
LC and CE proved to be reliable instrument techniques requiring minimal time for maintenance and operation. LC provided consistent retention times and excellent sensitivity. Guard columns were replaced whenever the quality of the chromatography diminished (after about 50 injections). Although CE migration times were not as consistent as the LC retention times, they did not compromise analyte identification. No problems were encountered with the routine use of the HPCE bubble cell, but limited sensitivity produced wider deviations when MDL spikes were measured. LC run times required 65-70 min, compared with only 37 min for CE run times.
Conclusions
Comparison of data for LC and CE showed similar results, demonstrating the usefulness of these different determinative techniques for determination of sulfonylurea herbicides. LC data were more rigorous, and LC proved to be a good choice for primary detection. Although the limited sensitivity of the HPCE bubble cell stretched the bounds of good detection, CE worked satisfactorily as a confirmation technique and generated acceptable data for the study. The ABI Z-cell demonstrated the powerful resolution and excellent S/N that CE is capable of producing, and the results were comparable to those obtained by LC.
The cleanup technique developed by Krynitsky (11) produced extracts quantitatable by LC/UV and CE/UV with minimal matrix contribution. Although the scope of water matrixes studied in this project was limited, we did have the opportunity to apply this method to stagnant, colored water with similar results.
